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SUMMARY 


A  journal  version  of  our  theory  of  two-point  correlations  of  jet 
noise  appeared  during  1978:  it  led  to  an  exchange  of  Letters  to  the 
Editor. 


Jet  noise  diagnostics  ,|iave  been  performed  by  cross-correlating  the 
suspected  source  terms  (e.g.,  rates  of  turbulent  momentum  flux)  with  the 
effect  they  produce.  To  eliminate  the  possibility  of  spurious  noise,  <jue 
to  hot  wire-flow  interference, ^the  source  terms  were  measured  with  a  L^ser 
Doppler  Velocimeter  (after  a  lengthy  period  of  development  )>and  correlated 
with  the  far  field  jet  noise  (microphone  signal).  Source  distribution  over 
slices  of  jet  inferred  therefrom  are, unexpectedly,  somewhat  pear-shaped. 
Spectra  predicted  from  measured  cross-spectral  densities  are  compatible 
with  corresponding  spectra  extracted  from  far  field  intensities  and  with 
theory. 
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Experimental  studies  of  some'' unorthodox  concepts  for  shielding  jet 
noise/have  been  carried  out.  Only  modest  attenuation  of  the  peak  jet  noise 
was  found  with  a  family  of  half-round  "sugar  scoops  shields  (e.g.,  5-6 
PNdB  when  scaled  to  a  full  size  engine),  owing  largely  to  i'fedge  noisd^  from 
jet  interference.  Another  shielding  concept  involved  extending  the  effective 


length  of  the  ^sugar  scoops"  by  means  of  a  hot  refractive  layer  (array  of 


flames) . 

f.  r  , 


Marginal  increases  in  shielding  were  found. 

;  • \  /■  '  •  \<  r:  •  -r  .  •  rr.  •  t 


The  UTIAS  loudspeaker-driven  booth  was  used  to  simulate  four  series 
of  wave  forms:  (i)  standardN-wave  — I —  (ii)  "quiet"  boom 
of  2nd  generation  SST  (iii)  high  pass 

filtered  N-waves  (iv)  idealized  quarry  blast  kiVMfvjVKMk 


The  variation  of  loudness  with  rise  time,  duration  and  other  features  was 
assessed.  Good  agreement  was  found  with  an  extended  form  of  the  Johnson- 
Robinson  theory. 


Our  earlier  work  on  modelling  the  lightning  -*•  thunder  process  yielded 
realistic  computer- generated  ible  "thunder".  Attention  later  shifted  to 

modelling  the  tortuous  lightning  stroke  as  a  random  walk  process.  A  series 
of  assumptions  on  the  appropriate  deflection  statistics  eventually  led  to 
computer  printouts  of  realistic-appearing  "lightning".  In  recent  months 
these  2D  representations  have  been  generalized  to  3D.  The  lighning- thunder 
computer  program  has  been  correspondingly  generalized;  a  first  trial  of  the 
audible  synthetic  thunder  has  been  carried  out. 
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INTRODUCTION 


The  year  1978  has  seen  the  completion  of  two  Ph.D.  investigations: 
one  by  lv\G.  Richarz  on  jet  noise  diagnostics  by  cross-correlating  laser 
doppler  and  microphone  signals,  and  one  by  A.  Niedzwiecki  on  the  subjective 
loudness  of  several  types  of  sonic  boom  signatures,  and  quarry  blast  waves. 
Additionally,  the  paper  by  the  Principal  Investigator  detailing  a  theory  of 
two-point  correlations  of  jet  noise  was  brought  to  publication,  and  it  led 
to  an  exchange  of  Letters  to  the  Editor. 

The  foregoing  studies  have  generated  some  twelve  new  publications: 
this  brings  our  total  publications  in  Aeroacoustics  to  107,  most  of  them 
with  partial  AFOSR  support.  The  cumulative  publications  list  through  no. 

95  appear  at  the  back;  the  new  publications,  nos.  96-107, are  cited  in  the 
body  of  the  report  along  with  their  abstracts.  These  abstracts  constitute 
the  principal  content  of  this  Final  Scientific  Report.  (Some  abstracts 
which  are  essentially  included  in  more  comprehensive  abstracts  are  omitted). 

The  investigations  on  jet  noise  shielding  concepts  and  on  the  lightning 
thunder  process  have  generated  no  publications  during  1978.  Progress  in 
these  areas  is  covered  briefly  in  the  Summary. 


PUBLICATION  ABSTRACTS 


96.  Ribner,  H.S.  "Two-Point  Correlations  of  Jet  Noise"  J.  Sound  and  Vibr. 

(1978)  56  (1),  1-19. 

A  large  body  of  careful  experimental  measurements  of  two-point  broad 
band  correlations  of  far  field  jet  noise  has  been  carried  out  and  was  briefly 
reported  recently  by  Lucio  Maestrcllo  in  NASA  TM  X- 72835.  The  rather  sharp 
directional  lobes  and  marked  absence  of  axisymmetry  were  striking  and  moti¬ 
vated  the  present  effort  to  bring  theory  to  bear.  The  model  of  jet  noise 
generation  is  an  approximate  version  of  an  earlier  work  of  Ribner,  based  on 
the  foundations  of  Lighthill.  The  model  incorporates  isotropic  turbulence 
superimposed  on  a  specified  mean  shear  flow,  with  assumed  space-time  velocity 
correlations,  but  with  source  convection  neglected.  The  particular  vehicle 
is  the  Proudman  format,  and  the  previous  work  (mean-square  pressure)  is  ex¬ 
tended  to  display  the  two-point  space-time  correlations  of  pressure. 

The  shape  of  polar  plots  of  correlation  is  found  to  derive  from  two 
main  factors:  (1)  the  non-compactness  of  the  source  region,  which  allows 
differences  in  travel  times  to  the  two  microphones  -  the  dominant  effect  - 
and  (2)  the  directivities  of  the  constituent  quadrupoles  -  a  weak  effect. 

The  non-compactness  effect  causes  the  directional  lobes  in  a  polar  plot  to 
have  pointed  tips  (cusps)  and  to  be  especially  narrow  in  the  plane  of  the 
jet  axis.  In  these  respects,  and  in  the  quantitative  shapes  of  the  normalized 
correlation  curves,  results  of  the  theory  show  generally  good  agreement  with 
Maestrello's  experimental  measurements. 
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97.  Ribner,  H.S,  "Inferences  of  Source  Coherence  from  Correlations  of 
Jet  Noise"  Proc.  9th  Internal  Congress  on  Acoustics,  Madrid,  July 
4-9,  1977,  p . E33. 

The  present  theory  is  compared  with  experiment  (Maestrello  1976)  in 
Figure  1.  The  agreement  outside  the  "refractive  zone"  -  not  allowed  for  in 
the  theory  -  is  very  satisfactory.  The  predicted  cusps  in  the  pattern  are 
particularly  striking. 

The  experimental  confirmation  strongly  suggests  the  essential  correct¬ 
ness  of  the  source  structure  postulated  in  the  theory.  The  sources  were 
modelled  as  an  array  of  "eddies"  (correlation  volumes)  uncorrelated  with 
one  another  and  individually  compact,  but  in  aggregate  noncompact . 

Characterization  of  the  source  region  as  noncompact  and  essentially  in¬ 
coherent  neither  proves  nor  disproves  a  role  for  the  large-scale  coherent 
structures  in  the  noise  generation  process.  However,  the  experimental 
absence  of  axis)Tnmetry  in  the  correlation  pattern  rules  out  any  significant 
role  for  axisymmetric  source  structures. 

98.  Ribner,  H.S.  "Author's  Reply"  (to  Letter  to  Editor  by  Fuchs,  H.V.  on 
"Two-Point  Correlations  of  Jet  Noise  and  Their  Interpretation,  J.  Sound 
fT  Vibr.  (1978)  6T(1)  ,  153-156)  J.  Sound  5  Vibr.  (1978)  61^(1),  156-159. 

No  abstract.  The  author  of  Ref.  96  replies  to  five  points  raised  by 
Dr.  Fuchs. 

99.  Ri chart,  W.f>.  "Direct  Correlation  of  Noise  and  Flow  of  a  Jet  Using 
Laser  Doppler",  UTTAS  Rep.  230,  AFOSR-TR-78-1648,  June  1978.  (Ph.D. 
thesis) . 

Lighthill's  theory  of  jet  noise,  as  extended  and  developed  by  Ribner 
(self  and  shear  noise),  has  successfully  described  many  features  of  the 
jet  noise  outside  the  'refraction  valley'.  However,  attempts  to  measure  the 
self  and  shear  noise  source  terms  directly  by  means  of  a  cross-correlation 
technique  have  been  only  partially  successful.  The  major  difficulty  has  been 
suspected  as  spurious  'probe  noise'  generated  by  turbulence  -  hot  wire  inter¬ 
action.  Thus,  to  avoid  this  problem,  the  traditional  hot  wire  anemometer  has 
been  replaced  in  the  present  investigation  by  a  non-intrusive  device:  a  Laser 
Doppler  Velocimeter.  Substantial  modifications  were  made  to  meet  the  con¬ 
straints  imposed  by  the  correlation  experiment;  a  major  feature  was  provision 
to  measure  ux,  the  component  of  turbulent  velocity  in  the  observer  direction  x 

Cross-correlations  and  cross-spectral  densities  of  the  jet  noise  at 
40°  to  the  jet  axis  and  the  instantaneous ^turbulent  jet  flow  ux  (32ux/3t2_ 
shear  noise  source  term)  or  ux  (32ux2/3t~  _  self  noise  source  term)  were 
measured  at  various  source  positions  in  the  jet.  Source  distributions  were 
inferred  therefrom  over  slices  of  jet  normal  to  the  jet  axis.  They  were  found 
to  be  strongly  pear-shaped,  rather  than  axisymmetric,  the  small  end  of  the 
'pear'  pointing  toward  the  observer.  (This  is  not,  however,  incompatible  with 
the  axisvmmetry  of  far  field  sound  intensity) . 
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Self  and  shear  noise  spectra  have  been  constructed  from  the  measured 
cross-spectral  densities  by  a  method  consistent  with  the  postulated  self/shear 
noise  formalism.  The  two  spectra  exhibit  comparable  amplitudes  and  virtually 
identical  shapes,  but  are  displaced  substantially  in  frequency:  all  this  is 
predicted  by  the  theory.  Self  and  shear  noise  spectra  extracted  from  far  field 
jet  noise  intensities  via  an  algorithm  of  dossier  and  Ribner  exhibit  the  same 
behaviour.  On  the  whole  both  sets  of  spectra,  although  derived  from  vastly 
different  experimental  procedures,  are  compatible. 

100.  Richarz,  W. G  "Direct  Correlation  of  Noise  and  Flow  of  a  Jet  Using  Laser 
Doppler",  AAIA  Paper  79-0571,  to  be  presented  at  AIAA  5th  Aeroacoustics 
Conference,  Seattle,  March  12-14,  1979.  (Condensed  version  of  Ref.  99). 

Abstract  condensed  from  that  of  Ref.  99. 

101.  Richarz,  W.G.  "Jet  Noise  Diagnostics:  Spurious  Sound  Generated  by  Hot 
Wire-Turbulence  Interaction"  presented  at  mtg.  Acoust.  Soc.  Amer., 

Honolulu,  27  Nov.  -  1  Dec.  1978,  J.  Acoust.  Soc.  Amer.  64,  Supp.  No.  1, 

Fall  197S,  Paper  GG15. 

The  influence  of  spurious  probe  noise  on  the  measurement  of  jet  flow 
noise  correlations  has  been  analyzed.  A  simple  criterion  has  been  derived 
to  test  for  the  degree  of  "contamination"  due  to  probe  noise.  It  indicates 
that  probe  noise  will  pose  serious  problems  in  low  speed  jet  diagnostics.  Key 
predictions  such  as  the  shape  of  the  expected  cross-correlation  function,  the 
frequency  shift  of  the  inferred  power  spectral  density,  and  the  relative  over¬ 
estimation  of  the  shear  noise  are  compatible  with  measurement. 

102.  A.  Niedzwiecki  and  H.S,  Ribner  "Subjective  Loudness  of  N-wave  and  Minimized 
('Low  Boom')  Signatures,  UTIAS  TN  215,  AF0SR-TR-78-0122  (Nov.  1977). 

Abstract  omitted,  since  this  UTIAS  Technical  Note  essentially  combines 
the  two  later  journal  papers.  Ref.  103  and  104, 

103.  A.  Neidzwiecki  and  H.S.  Ribner  "Subjective  Loudness  of  N-wave  Sonic  Booms" 
J.  Acoust.  Soc.  Amer.  64(6) ,  1617-1621  (Dec.  1978). 

A  loudspeaker-driven  simulation  booth  with  extended  rise  time  capability 
(down  to  0.22  ms)  has  been  used  for  subjective  loudness  tests  of  N-wave  sonic 
booms.  The  test  series  compared  signatures  over  a  range  of  0.22-10  ms  in  rise 
time,  100-250  ms  in  duration  and  0.5-2. 5  psf  (24-120  Pa)  in  peak  overpressure. 

In  one  sequence,  the  tradeoff  between  rise  time  and  overpressure  was  measured 
for  equal  loudness;  in  another,  the  tradeoff  between  duration  and  overpressure. 
For  equal  loudness  10-ms  rise  time  required  8-dB  higher  overpressure  than  for 
1-ms  rise  time.  Duration  had  little  effect  in  the  range  100-200  ns,  but  at 
250  ms  noticeably  enhanced  the  loudness.  These  results  confirm  those  measured 
by  Shepherd  and  Sutherland  made  at  1-ms  rise  time  and  above  (except  for  the 
anomalous  enhancement  at  250-ms  duration),  and  extend  the  measurements  down  to 
0.22  ms.  There  is  also  good  agreement  with  theoretical  predictions  (Johnson- 
Robinson,  Zepler-Harel  methods)  except  for  the  10-ms  rise  time  and  250-ms 
duration  cases. 
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104.  A.  Niedzwiecki  and  H.S.  Rihner  "Subjective  Loudness  of  Minimised  Sonic 

Boom  Waveforms"  J.  Acoust.  Soc.  Amer.  64(6) ,  1622-1626  (Dec.  1978). 

For  very  long  supersonic  aircraft  the  "midfield"  sonic  boom  signature  may 
not  have  evolved  fully  into  an  N-wave  at  ground  level.  Thus  in  current  boom 
minimization  techniques  the  shape  of  the  aircraft  may  be  tailored  to  optimize 
this  midfield  wave  form  for  reduced  subjective  loudness.  The  present  in¬ 
vestigation  tests  a  family  of  "flat-top"  waveforms  cited  by  Darden:  all  but 
one  have  a  front  :hock  height  (Apg^)  less  than  the  peak  amplitude  (ApMAX)  • 

For  equal  subjective  loudness,  "flat- top"  vs  N-wave  (peak  overpressure  Ap^) , 
the  peak  amplitude  of  the  "flat-top"  signature  was  found  to  be  substantially 
higher  than  that  of  the  N-wave;  thus  for  equal  peak  amplitude  the  "flat-top" 
signature  was  quieter.  The  results  for  equal  loudness  were  well  fitted  by  an 
empirical  laiv  ApgH+O.llApMx  =  the  equivalence  shows  how  the  front  shock 

(Apsu)  dominates  the  loudness.  All  this  was  found  compatible  with  predictions 
by  the  method  of  Johnson  and  Robinson. 

105.  A.  Niedzwiecki  "On  the  Loudness  of  Sonic  Booms  and  Other  Impulsive  Sounds", 

UTIAS  Rep.  236,  AFOSR  TR  No . (pending) ,  Dec.  1978  (Ph.D.  thesis). 

A  loudspeaker-driven  simulation  booth  with  extended  rise  time  capability 
(down  to  0.22  ms)  has  been  used  for  subjective  loudness  tests  of  sonic  boom 
and  other  types  of  impulsive  sounds.  The  first  series  compared  N-waves  over 
a  range  of  0.22  to  10  ms  rise  time,  100  to  250  ms  duration  and  from  0.5  to  4  psf 
(the  latter  for  the  longer  rise  times)  (24  to  192  N/m^)  peak  overpressure. 

The  response  tradeoff  between  rise  time  and  overpressure,  and  duration  and 
overpressure  was  measured.  For  equal  judged  loudness,  10  ms  rise  time  re¬ 
quired  8  dB  higher  overpressure  than  for  1  ms.  Duration  had  little  effect 
in  the  range  100  to  200  ms  but  at  250  ms  noticeably  enhanced  the  loudness. 

These  results  confirm  those  measured  by  Shepherd  and  Sutherland  (except  for 
the  250  ms  duration),  and  extend  the  measurements  down  to  0.22  ms  rise  time. 

The  second  series  tested  certain  "flat-top"  sonic  boom  signatures,  which 
according  to  current  theory  could  be  generated  by  special  very  long  SST  air¬ 
craft  designed  for  minimized  sonic  boom;  these  were  compared  for  loudness 
with  a  reference  N-wave  (p\i  =  0.5  psf,  1  ms  rise  time,  150  ms  duration).  The 
subjective  loudness  was  found  to  be  dominated  by  the  front  (or  rear)  shock 
Apsil  while  the  maximum  peak  amplitude  Apjq^y  of  the  inclined  "flat-top"  had 
only  a  small  effect.  The  results  for  equal  loudness  were  well  fitted  by  an 
empirical  law  Apg^  +  0.11  Apiq^x  =  Ap^j.  This  shows  that  for  equal  loudness  the 
peak  amplitude  Apjq^y  of  the  flat-top  signature  is  substantially  higher  than 
that  of  the  N-wave.;  thus  for  equal  amplitude  the  flat-top  signature  is  the 
quieter. 

The  third  series  compared  filtered  N-wave  signatures,  using  a  high-pass 
digital  filter,with  an  unfiltered  N-wave  signature  (1  psf,  1  ms  rise  time, 

150  ms  duration).  Two  cut-off  frequencies  were  used:  25  and  50  Hz.  The 
amplitude  differences  for  equal  loudness  were  very  slight:  less  than  0.6  dB 
at  most.  Thus  the  'infrasonic'  low  frequency  content  of  sonic  boom  N-waves  - 
although  it  dominates  the  spectrum  -  has  no  significant  influence  on  the 
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subjective  loudness.  Similar  tests  with  annoyance  as  a  judgement  criterion 
has  showed  a  tendency  to  increase  annoyance  for  filtered  N-waves,  but  again 
this  was  very  slight. 

In  the  last  test  series  the  trade-off  between  overpressure  and  dura¬ 
tion  was  found  for  idealized  quarry  blast  signatures  composed  of  sequences 
of  25  ms  long  pulses  with  0.22  ms  rise  time.  The  range  of  durations  ex¬ 
tended  from  25  to  400  ms.  At  the  short  durations  the  loudness  increased  2  dB 
for  each  doubling  of  duration;  above  100  ms  the  increase  was  progressively 
lower,  approaching  as  an  asymptote  the  level  of  continuous  sound. 

The  results  in  each  series  were  compared  with  theoretical  predictions 
by  the  method  of  Johnson  and  Robinson.  All  but  the  long  duration  quarry 
blast  judgements  were  found  to  be  in  very  good  agreement  in  terms  of 
relative  loudness  levels.  Kith  an  ad  hoc  -  but  physically  plausible  -  modifi 
cation  (including  adjustment  of  the  critical  integration  time  of  the  ear)  the 
predictive  method  was  extended  to  encompass  the  long  duration  signals  as  well 
Thus  the  applicability  of  the  method  has  been  demonstrated  for  other  types  of 
transient  sounds  than  the  N-wave;  and  the  extension  to  the  method  appears  to 
bridge  the  range  between  impulsive  and  continuous  sounds  of  similar  spectral 
content. 

106.  A.  Niedzwiecki  and  H.S.  Ribner  "Subjective  Loudness  and  Annoyance  of 

Filtered  N-wave  Signatures"  J.  Acoust.  Soc.  Amer.  (in  press). 

Abstract  is  essentially  that  for  the  "third  series"  of  tests  discussed 
under  Ref.  105. 

107.  A.  Niedzwiecki  and  H.S.  Ribner  "Subjective  Loudness  of  Simulated  Blast 

Waves,  with  Implications  for  the  Transition  from  Impulsive  to  Continuous 

Sound"  J.  Acoust.  Soc.  Amer.  (in  press). 

Abstract  is  essentially  that  for  the  "fourth  series"  of  tests  discussed 
under  Ref.  ins. 


UTIAS  PUBLICATION'S  IN  AE  R 0 ACOUSTICS  * 


(References  1-55;  58-84;  94,  96-107  supported  by  AFOSR) 

1.  McGregor,  D.  H.  -  "An  Experimental  investigation  oi 
the  Oscillating  Pressures  on  a  Circular  Cylinder  in 
a  Fluid  Stream",  UTIA  Til  Vo.  lh  (June,  195?),  AF05R 
TN  58-339,  AD  15U  also  note  by  Etkin,  B.,  and 
McGregor,  D.  M.  in  Physics  of  Fluids,  Vol.  1,  No.  2, 
p.  162,  1958. 

2.  Kaestrello,  L.  -  "UTIA  Air  Duct  Facility  for  Invest¬ 
igation  of  Vibration  Noise  Induced  by  Turbulent  Flow 
Past'  a  Panel  (Boundary-Layer  Noise)",  UTIA  TH  No.  20, 
April,  1958,  AF03R  TK  58-358,  AD  15**  263. 

3-  Ribner,  K.  S.  -  "Note  on  Acoustic  Energy  Flow  in  a 
Moving  Medium",  UTIA  Til  No.  21,  April,  1958,  AFOSR 
TN  58-360,  AD  15U  265. 

1*.  Ribner,  K.  S.  -"On  the  Strength  Distribution  of 

Noise  Sources  AJLong  a  Jet",  UTIA  Kept.  No.  51,  April 
1958,  AFOSR  TJJ  58-359,  AD  15**  2o**;  also  note  in  Journ. 
Acous.  Soc.  Amer.  1958,  Sept.l,  1.  876. 

5-  .  Prendergast,  V.  -  "Measurement  of  Two-Point  Correlations 
of  the  Surface  Pressure  on  a  Circular  Cylinder" ,  UTIA 
TN  No.  23,  July  1958,  AFOSR  Til  58-861,  AD  203  67**. 

6.  Etkin,  B.  and  Ribner,  H,  S "Canadian  Research  in 
Aerodynamic  Noise",  UTIA  Review  No.  13,  July  1958, 

AFOSR  TN  58-860,  AD  203  66 2;  also  in  Advances  in 
Aeronautical  Sciences,  Vol.  1,  pp.  393--**25  (Perganon 
Press,  1959) 

7*  Ribner,  H.  S.  -  "New  Theory  of  Jet  Noise  Generation, 
Directionality,  and  Spectra",  J.  Acoust.  Soc.  Amer. 

31,  No.  2,  (Feb.  1959). 

8.  Wilson,  L.  N.  -  "An  Experimental  Investigation  of 
the  Noise  Generated  by  the  Turbulent  Flow  Around  a 
Rotating  Cylinder",  UTTA  Rept.  No.  57,  April,  1959, 
AFOSR  TN  59-1*87,  AD  215  780;  also  in  Jour.  Acoust. 

Soc.  Amer.,  32,  1203  -  120**,  Oct.  i960. 

9.  Ribner,  H.  S.  -  "The  Sound  Generated  by  Interaction 
of  a  Single  Vortex  with  a  Shock  Wave",  UTIA  Rept. 

No.  6l ,  June  1959,  AFOSR  TN  59-1166. 


*This  does  not  include  a  substantial  number  of  papers  on 
sonic  boom,  without  AFOSR  funding,  originating  from  the 
research  group  of  Professor  I.  I.  Glass. 
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cl  Baroudi,  H.  Y.  -  "Measurement  of  Tvro-Point 
Correlations  of  Velocity  Near  a  Circular  Cylinder 
Shedding  a  Karman  Vortex  Street",  UTIA  TN  No.  31, 

Jan.  19§0. 

11 »  Ribner,  H.  S.  -  "A  Theory  of  the  Sound  from  Jets  and 
Other  Flows  in  Terms  of  Simple  Sources",  UTIA  Kept. 

No.  67,  July  I960,  AFOSR  Til  60-950. 

12.  Ribner,  H.  S.  -  "Energy  Flux  from  an  Acoustic  Source 
Contained  in  a  Moving  Fluid  Element  and  Its  Relation 
to  Jet  Noise",  Jour.  Aeous.  Soc .  Amer.,  Vol.  32,  No. 

9,  Sept.  I960,  pp.  1159-60  (L). 

13.  Ribner,  H.  S.  -"'Incompressible’  Acoustic  Near  Field 
as  a  Spatial  Distribution  of  Sources  Generating  the 
Far  Field",  Jour.  Acous.  Soc.  Amer.,  Vol.  33,  No. 

.  6,  p.  85O,  June  196l  (Abstract  from  Program  6lst 

Meeting  Acous.  Soc.  Amer.,  Philadelphia,  May  10-13, 

1961). 

lU.  Keefe,  R.  T.  -  "An  Investigation  of  the  Fluctuating 
Forces  Acting  on  a  Stationary  Circular  Cylinder  in 
a  Subsonic  Mtream,  and  of  the  Associated  Sound  Field", 
UTIA  Rept.  No.  76,  AFOSR  21  Vf,  (Sept.  1961)  also 

-  J.  Acoust.  Soc.  Acer  3^,  1711-171^  (Nov.  1962). 

15-  Ribner,  H.  S.  -  "Investigations  of  Aerodynamic ally 
Generated  Sound",  UTIA  Rept.  No.  8l,  AFOSR  21^8 , 

Jan.  19o2. 

l6.  Ribner,  H.  S.  -  "Aerodynamic  Sound  from  Fluid  Dilatations 
A  Theory  of  the  Sound  from  Jets  and  Other  Flows",  UTIA 
Rept.  No.  86,  AFOSR  TH  35>30,  July  1962. 

17-  Ludwig,  G.  R.  -  "An  Experimental  Investigation  of  the- 
Sound  Generated  by  Thin  Steel  Panels  Excited  by 
Turbulent  Flow  (Boundary  Layer  Noise),  UTIA  Rept. 

No.  87,  Nov.  1962. 

18.  Ribner ,  H .  S .  -  "On  Spectra  and  Directivity  of  Jet 
Noise",  Jour.  Acous.  Soc.  Amer.,  Vol.  35,  No.  , 
pp.  6l£-6l6,  April,  1963. 

19 .  cl  Baroudi,  M.  Y.  ,  Ludwig,  G.  R,  and  Ribner,  II.  S.  - 
"An  Experimental  Investigation  of  Turbulence-Excited 
Panel  Vibrations  and  Noise",  AGARD  Rep.  ^65  (April, 

1963). 
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20.  cl  Baroudi ,  M.  Y.  -  "Turbulence- Induced  Panel 
Vibration"  UTIAS  Bept.  I.:o.  98,  Feb.,  1964. 

21.  Ribner,  H.  S.  -  "The  Generation  of  Sound  by -Turbulent 
Jets",  Vol.  8,  Advances  in  Applied  Mechanics,  pp. 

103-182  (Academic  Press,  1964). 

22.  Ribner,  H.  S.  -  "The  Noise  of  Aircraft",  General 
Lecture,  Fourth  Congress  of  the  International 
Council  of  the  Aeronautical  Sciences  (ICAS),  Paris, 

Aug.  24-28,  1964  (AIAA  Preprint  Ho.  64-5451  also 
available  as  UTIAS  Rev.  No.  24,  1964). 

23-  Chu,  W.  T.  -  "Velocity  Profile  in  the  Kalf-Jet 
Mixing  Region  of  Turbulent  Jets",  AIAA  Jour.  _3, 

789-790,  1965. 

24.  Siddon,  T.  E.  and  Ribner,  H.  S.  -  "An  Aerofoil 
Probe  for  Measuring  the  Transverse  Component  of 
Turbulence",  AIAA  Journal,  j3,  pp.  747-749,  1965 
(cf.  also  UTIAS  Progress  Report,  Kov.  1964). 

25.  Siddon,  T.  E.  -  "A  Turbulence  Probe  Utilizing  Aero¬ 
dynamic  Lift",  UTIAS  Til  68,  May,  1965. 

26.  Atvars ,  J.  ,  Schubert,  L.  K.,  and  Ribner,  H.  S.  - 
"Refraction  of  Sound  from  a  Point  Source  Placed  in 
an  Air  Jet",  AIAA  paper  Ho.  65-82,  presented  AIAA 
2nd  Aerospace  Sciences  Meeting,  Hew  York,  Jan.  25-27, 
1965;  also  note  in  J.  Acoust.  Soc .  Amer.,  37,  No.  1 
pp.  168-170,  Jan.  1965. 

27.  Atvars,  J.,  Schubert,  L.  K.  ,  Grande,  E.  and  Ribne-r,  }{.  S 
"Role  of  Refraction  in  Jet  Noise",  Paper  presented  at 
71st  Mtg.  Acous.  Soc.  Amer.,  Boston,  1-4  June,  1966, 

J.  Acoust.  Soc.  Amer.  39,  No.  6,  1.  1250,  June  1966. 

28 .  Atvars,  J.  ,  Schubert,  L.  K. ,  Grande,  E. ,  and  Ribner, 

H.  S.  -  "Refraction  of  Sound  by  Jet  Flow  and  Jet 
Temperature",  UTIAS  TN  No.  109,  May  1965. 

29.  Grande,  E.  -  "Refraction  of  Sound  by  Jet  Flow  and  Jet 
Temperature  II",  UTIAS  TN  No.  110,  Aug.  19o5>  AF0SR 
67-0128 . 

30.  Siddon,  T.  E. ,  and  Ribner,  H.  S.  -  "Flow  Unsteadiness 
Probe  Sets  Sights  on  Range  of  Industrial  Applications". 
Canada  Controls  &  Instrumentation,  pp.  38-39  (Eeb. 

1966). 
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31.  Ribner,  K.  S.-  -  "Response  of  a  Flexible  Panel  to 
Turbulent  Flow:  Running  Wave  Versus  Modal  Density 
Analysis".  J.  Acoust.  Soc .  Am.  *UD>  pp.  721-726 
(Sept.  19 66). 

32.  Chu,  Wing,  T.  -  "Turbulence  Measurements  Relevant 
to  Jet  Noise"  (Ph.D.  thesis),  UTIAS  Report  Ho.  119, 

Nov.  1966,  AFOSR  67-0129. 

33-  Filotas,  L.  T.  -  "Distortion  of  a  Shock  Wave  Traversed 
by  a  Vortex",  UTIAS  TN  96,  AFOSR  67-0127  (1966). 

3U.  Strong;,  D.  R. ,  Siddon,  T.  E.  and  Chu,  T.  W. ,  -  "Pressure 
Fluctuations  on  a  Flat  Plate  with  Oblique  Jet  Impinge¬ 
ment",  UTIAS  TN  107  (Feb.  1967). 

35 •  Ribner,  K.  S.  -  "Acoustic  Energy  Flux  from  Shock- 

Turbulence  Interaction",  UTIAS  TK  108,  AFOSR  67-0221 
(1967);  also  (somewhat  amplified)  in  J.  Fluid  Mech. 

35,  part  2,  pp.  299-310. 

36.  Ribner,  K.  S.  -  "Quadrupole  Correlations  Governing 
the  Pattern  of  Jet  Noise"  UTIAS  Rep.  128,  AFOSR 
67-2159  (Nov.  1967);  also  (revised)  J.  Fluid  Mech. 

(1969)  38,  part  1,  pp.  1-2U. 

37.  Ribner,  K.  S.  -  "Noise  from  a  Simplified  Model  of  a 
Supersonic  Turbulent  Shear  Layer",  J.  Acoust.  Soc. 

Amer.  h2,  p.  11 58  (A)  (Kov.  1967)- 

38.  Ribner,  H.  S.,  and  ?-:acGreror,  G.  R.  -  "The  Elusive 
Doppler  Shift  in  Jet  Noise",  Paper  No.  F-3-8,  Proc. 

6th  Inter.  Congress  on  Acoustics,  Aug.  21-28,  1968, 
Tokyo,  Japan. 

39.  Ribner,  H.  S.  -  "Jets  and  Noise"  1968,  W.  Rupert 
Turnbull  Lecture,  Canad.  Aeronau.  L  Space  Inst., 

Canad.  Aeronaut.  &  Space  Jour.  (Oct.  1968). 

1*0.  Siddon,  T.  E.  -  "On  the  Response  of  Pressure  Measuring 
Instrumentation  in  Unsteady  Flow"  UTIAS  Rep.  136, 

.  -AFOSR  68-2U66  (Jan.  1969). 

1*1.  Nayar,  B.  M.  ,  Siddon,  T.  E.  and  Chu,  W.  T.  -  "Prop¬ 
erties  of  the  Turbulence  in  the  Transition  Region  of 
a  Round  Jet",  UTIAS  TH  131,  AFOSR  68-2880  (Jan.  1969). 
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h2.  Middleton,  D.  ,  Clark ,  P.  J.  F.  -  "Assessment  and 
Development  of  Methods  of  Acoustic  Performance 
Prediction  for  Jet  Poise  Suppressors"  (April,  1969) 
UTIAS  Til  13U ,  AFOSR  69-0780  TR. 

i;3-  Siddon,  T.  E.  -  "Development  of  an  Error-Compensation 
Pressure  Probe  for  Use  in  Turbulent  Flov"  pp.  219-220 
Proc.  CANCAM  Waterloo,  2nd  Can.  Congress  of  Appl. 

Mech. ,  University  of  Waterloo. 

Filotas,  L.  T.  -  "Response  of  an  Infinite  Wing  to  an 
Oblique  Sinusoidal  Gust:  A  Generalization  of  Sears* 
Problem",  pp.  177-178,  Proc.  CAHCAM  Waterloo,  2nd 
Cdn.  Congress  of  App.  Mech.,  University  of  Waterloo 
(May  1969). 

Filotas,  L.  T.  -  "Response  of  an  Infinite  Wing  to  an 
Oblique  Sinusoidal  Gust:  A  Generalization  of  Sears* 
Problem"  in  Basic  Aerodynamic  Iloise  Research,  1IASA 
SP-207,  pp.  231-2U6  (Condensation  of  UTIAS  Report 
139)  (1969). 

^6.  Ribner,  H.  S.  -  "Eddy  Mach  Wave  KOise  from  Simplified 
Model  of  a  Supersonic  Mixing  Layer1’  in  Basic  Aero¬ 
dynamic  Poise  REsearch,  KASA  SP-207,  pp.  53-61,  also 
UTIAS  Tech.  Note  No.  1*»6,  AFOSR  69-21^5  TR  (1969). 

^7.  Ribner,  K.  S.  -"Comments  on  Status  and  Problem 

Areas  in  Jet  NOise  Research"  in  Basic  Aerodynamic 
Noise  Research,  NASA  SP-207,  pp.  U77-**8U. 

h8.  Clark,  P.  J.  F. ,  Ribner,  H.  S.  -  "Direct  Correlation 

of  Fluctuating  Lift  with  Radiated  Sound  for  an  Airfoil 
in  Turbulent  Flovr" ,  Jour,  of  the  Acoust.  Soc .  of  Amer.  , 
Vol.  h6.  No.  3,  Part  2,  pp.  802-805  (Sept.  1969). 

*»9-  Ribner,  H.  S.  (Ed.)  -  "Aerodynamic  Noise",  Proceedings 
of  AFOSK-UTIAS  Symposium  held  at  Toronto  May  20-21, 
1968,  University  of  Toronto  Press,  p.  (1969). 

50  Filotas,  L.  T.-  "Theory  of  Airfoil  Response  in  a  Gusty 
Atmosphere,  Part  I  -  Aerodynamic  Transfer  Function", 
Oct.  1 969,  UTIAS  Rep.  139,  AFOSR  69-2150  TR. 

51.  Filotas,  L.  T.  -  "Theory  of  Airfoil  Response  In  a  Gusty 
Atmosphere,  Part  II  -  Response  to  Discrete  Gusts  or 
Continuous  Turbulence",  UTIAS  Rep.  lhl,  Nov.  19^9 J 
AFOSR. 
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52.  Schubert ,  L.  K.  -  "Refraction  of  Sound  by  a  Jet: 

A  Numerical  Study",  UTIAS  Rep.  lU,  AFOS.R  69- 3039  TR, 

Dec.  1 969. 

53.  Schubert,  L.  K.  -  "Modif ication  of  a  Quasi-Newton 
Method  for  Nonlinear  Equations  vith  a  Sparse  Jacobian" 
•Math,  of  Computation,  2k_,  No.  109,  Jan.  1970,  pp.  27-30. 

5*».  Filotas,  L.  T.  -  "Response  of  Finite  Wings  to  Sinusoidal 
Gusts  or  Vertical  Oscillations"  Canad.  Aeronaut.  & 

Space  Inst.,  CASI  Transactions,  Vol.  3,  No.  1,  pp. 

51-51*  (March  1970).  * 

55.  Ribner,  N.  S.  -  "Comments  on  "Aerodynamic  Sound  as  a 
Singular  Perturbation  Problem"  [S.  C.  Crow  in  Aerodynamic 
Noise,  Arnold  Goldburg,  Ed.  (AIAA,  TIev  York  1970),  AIM 
Reprint  Series  Vol.  XI  ]  J.  Acoust.  Roc.  Amer.,  Vol.  1*9, 
No.  h  (Ft.  1),  p.  1108  (April  1971). 

56.  Ribner,  H.  S.  -  "Convection  of  a  Pattern  of  Vorticity  * 
Through  a  Shock  Wave"  KACA  TN  286U,  Jan.  1953;  NACA 
Rep.  116U,  195^. 

57 •  Ribner,  H.  S.  -  "Shock-Turbulence  Interaction  and  the 
Generation  of  Noise"  NACA  TN  3255,  July  1951*;  NACA 
Rep.  1233,  1955. 

•  • 

58.  Ribner,  K.S.  ,  Wang,  M.E. ,  Leung,  K.Y.  -  "Air  Jet  as 
Acoustic  Lens  or  Waveguide",  Proc.'7th  International 
Congress  on  Acoustics,  Budapest,  18-26  Aug.  1971,  Paper 
2UN9,  pp.  U61-U6U. 


59.  Lee,  H.  K.  -  "Correlation  of  Noise  and  Flow  of  a  Jet", 
tPh.D.  thesis) ,  UTIAS  Report  168,  AF0SR-TR-71-2572  (Aug. 
1971). 

60.  Ellis,  N.  D.  -  "Aerodynamics  of  Wing-Slipstream  Interaction 
A  Numerical  Study",  (Ph.D.  thesis),  UTIAS  Report  169,  AFOSR 
TR-71-3086  (Oct.  1971). 

61.  Onyeonwu,  R.  A.  -  "The  Effects  of  Wind  and  Temperature 
Gradients  on  Sonic  Boom  Corridors",  UTIAS  TN  l68,  AF0SR- 
TR-71-3087  (Oct.  1971). 

62.  Ribner,  K.  S.  -  "Supersonic  Turns  Without  Superbooms" , 
UTIAS  TN  171*  (Jan.  1972).  Somewhat  abridged  in  Jour. 
Acoust.  Soc.  Amer.,  J52,  No.  3  (Pt.  2),  1037-loUl. 

63.  Ribner,  H.  S.  and  Ellis,  N,  D.  -  "Aerodynamics  of  Wing- 
Slipstream  Interaction",  Canadian  Aeronautics  and  Space 
Inst.  Transactions,  5.,  No.  2,  56-63  (Sept.  1972). 
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64.  Ribner,  H.  S.  -  "Sonic  Boon  Symposium:  Overvie w  and 
Complementary  Remarks",  Jour.  Acoust.  Soc.  Amer.  $1, 

No.  2  (Part  3),  672-674  (1972). 

65.  Schubert,  L.  K.  -  "numerical  Study  of  Sound  Refraction 
by  a  Jet  Flow.  I.  Ray  Acoustics",  J.  Acoust.  Soc.  Amer., 

Vol.  51,  No.  2  (Pt.  1),  439-446  (Feb.  1972). 

66.  Schubert,  L.  K.  -  "Numerical  Study  of  Sound  Refraction 

by  a  Jet  Flow.  II.  Wave  Acoustics",  J.  Acoust.  Soc.  Amer., 
Vol.  51,  No.  2  (Pt.  1),  447-463  (Feb.  1972). 

67.  Lee,  H.  K.  and  Ribner,  H.  S.  -  "Direct  Correlation  of  Noise 
and  Flow  of  a  Jet",  presented  AIAA  5th  Fluid  &  Plasma 
Conf.,  Boston,  June  26-28,  1972,  AIAA  Paper  No.  72-640; 
also  J.  Acoust.  Soc.  Amer.  52,  No.  5  (Part  l),  1280-1290 
(Nov.  1972). 

68.  Ribner,  H.  S. ,  Morris,  P.  J.  and  Chu,  W.  H.  -  "Laboratory 
Simulation  of  Development  of  Superbooms  by  Atmospheric 
Turbulence",  J.  Acoust.  Soc.  Amer.  (1973),  53,  (3),  926- 
928. 

69.  MacGregor,  G.  R. ,  Ribner,  H.  S.  and  Lara,  H.  F.  -  "'Basic* 

Jet  Noise  Patterns  after  Deletion  of  Convection  and 
Refraction  Effects:  Experiment  in  Theory",  J.  Sound. 

Vibr.  (1973)  27  (4),  437-454. 

70.  Morris,  P.  J. ,  Richarz ,  W.  and  Ribner,  H.  S.  -  "Reduction 
of  Peak  Jet  Noise  Using  Jet  Refraction",  J.  Sound  Vibr. 

(1973)  22.  (4),  443-455. 

71.  Onyeonwu ,  R .  0 ■  -  "A  Numerical  Study  of  the  Effects  of 
Aircraft  Maneuvers  on  the  Focussing  of  Sonic  Booms" , 

UTIAS  Rep.  No.  192,  AFOSR-TR-74-0181 ,  July  1973. 

72.  Ribner,  H.S.  -  "Convection  and  Refraction  in  Jet  Noise", 
Invited  Paper,  86  Mtg.  Acoust.  Soc.  Amer.,  Los  Angeles, 

30  Oct. -2  Nov.  1973,  J.  Acoust.  Soc.  Amer.,. 55.,  No.  2, 

Feb.  1974,  Abstract  HI,  p.  399- 

73.  Kelsall,  T.  -  "Suppression  of  Refraction  in  Jet  Noise", 

Proc.  2nd  Interagency  Symposium,  AF/DOT,  Raleigh,  N.C., 

3-7  June  1974. 

74.  Richarz,  W.  G. ,  Ribner,  K.  S.  and  Johnston,  G.  W.  —  "Com¬ 
bustion  Noise:  Cross-Correlation  of  Source  Signal  (Hot 
Wire)  with  Sound  Signal",  Proc.  2nd  Interagency  Symposium, 
AF/DOT,  Raleigh,  N.C.,  3-7  June  1974. 

75.  Ribner,  K.  S.  and  Siddon,  T.  E.  -  "Method  and  Means  of 
Measuring  Velocity  Fluctuations  in  Unsteady  Flow",  Canadian 
Patent  #783905  (1968)  United  States  Patent  #3,696,673  (1972). 
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76.  Nosseir,  N.S.M.  "Correlation  of  Jet-Noise  Data  in  Terms  of  a  Self 
Noise-Shear  Noise  Model".  UTIAS  TN  193,  AFOSR  TR  75-0496  (Jan.  1975). 

77.  Nosseir,  N.S.M.  and  Ribner,  H.S.  "Tests  of  a  Theoretical  Model  of 
Jet  Noise".  AIAA  2nd  Aeroacoustics  Conference,  Hampton,  Va.  also 
Vol .  43,  Progress  in  Aeronautics  &  Astronautics,  MIT  Press, 

pp.  3-25  (1976). 

78.  Ribner,  H.  S.  Lam,  F. ,  Leung,  K.  A.,  Kurtz,  D.  and  Ellis,  H.  D. 
^Computer  Model  of  the  Lightning  ->■  Thunder  Process,  with  Audible 
Demonstration".  AIAA  2nd  Aeroacoustics  Conf . ,  Hampton,  Va.,  24-26 
March,  1975,  AIAA  Paper  75-548.  Also,  Vol.  46,  Progress  in  Aero¬ 
nautics  &  Astronautics,  MIT  Press,  pp.  77-87  (1976). 

79.  Ribner,  H.  S.  (untitled)  Letter  on  UTIAS  thunder  research.  Sci. 
Amer.,  March  1975,  p.  6. 

80.  Tubb,  P.  E.  "Measured  Effects  of  Turbulence  on  the  Rise  Time  of  a 
Weak  Shock".  AIAA  Paper  75-543.  Also  Vol.  46  Progress  in  Aero¬ 
nautics  &  Astronautics,  MIT  Press,  pp.  17-34  (1976). 

81.  Onyeonwu,  R.  0.  "Sonic  Boom  Signatures  and  Ray  Focusing  in  General 
Manoeuvres.  I.  Analytical  Foundations  and  Computer  Formulation" . 

J.  Sound  Vibr.  42  (1),  85-102  (1975). 

82.  Onyeonv/u,  R.  Q.  "Sonic  Boom  Signatures  and  Ray  Focusing  in  General 

Manoeuvres'^  II.  A  Numerical  Study.  J.  Sound  Vibr.  42  (1),  103- 
114  (1975).  “ 
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